Abstract: Six Sigma is a management approach for reducing waste by implementing DMAIC cycle. Different tools have been employed by manufacturing SMEs to improve the performance of manufacturing operations and by optimised organisational achievements. The present study is an attempt to study the impact of six sigma DMAIC approach in manufacturing SMEs by measuring the level of usage, level of difficulty of different tools of DMAIC cycle and important benefits occurred after successful implementation of this approach. The impact of DMAIC approach is investigated by measuring the impact of tools used in various phases of six sigma implementation. By investigating the role of DMAIC cycle towards performance improvement, impact of this approach on industry has been determined. The result of investigation demonstrated that manufacturing SMEs have less educated man power and also they are lacking in providing adequate training to them for effective implementation of six sigma tools. Moreover, correlation analysis indicates that DMAIC cycle is significantly used to improve the quality of product.
Introduction
The foundation of the Six Sigma program is statistics; sigma stands for standard deviations from the mean of a data set in other words a measure of variation, while Six Sigma stands for six standard deviations from the mean. When a process reaches the Six Sigma level that process will be running close to perfection, producing a mere 3.4 defects per million. By using statistical and analytical tools firms can reduce the amount of variation in a process by removing the causes of variation therefore increasing the output quality of the process. The primary objective of the Six Sigma methodology is the implementation of a measurement based strategy, which focuses on process and sub-processes improvement through the application of Six Sigma best practice such as DMAIC and DMADV. The Six Sigma DMAIC (define, measure, analyse, improve, and control) method is applied for improving existing processes and looking for incremental improvement. The Six Sigma DMADV (define, measure, analyse, design, and verify) is applied for developing new processes or products at Six Sigma quality levels (Anthony et al., 2005) . To define Six Sigma in simple terms is not possible because it encompasses the methodology of problem solving, and focuses on optimisation and cultural change. Six Sigma accomplishes this goal by utilising an extensive set of rigorous tools, uncompromising use of statistical and advanced mathematical tools, and a well-defined methodology that produces significant results quickly. The success of this methodology within an organisation has significant momentum that can only lead to fundamental organisational cultural transformation. Six Sigma encompasses the methodology of problem solving, quality improvement of high order, optimisation and cultural change. "Six Sigma is a business improvement approach that seeks to find and eliminate causes of mistakes or defects in business processes by focusing on process outputs that are of critical importance to customers" (Snee, 2004) .
This aim of this research is to study the impact of Six Sigma DMAIC approach by investigating the level of usage of tools used in different stages of implementing Six Sigma approach, difficulty level of these tools and important benefits achieved after successful implementation of this approach have been identified. By investigating the role of DMAIC cycle towards manufacturing performance improvement, impact of Six Sigma in Indian SMEs has been investigated. The study employs various statistical tools for extracting significant factors contributing effectively towards realisation of manufacturing performance parameters. For this purpose, the various statistical analysis tools like Cronbach's alpha, Pearson correlation coefficient,'t' test and paired sample 't' test have been employed to evaluate the contributions of DMAIC approach towards realisation of manufacturing performance improvement in the organisations. The paper is organised into three sections: Section 2 which includes literature review, Section 3 includes methodology adopted and responses of the organisation, Section 4 includes results and discussion of the findings and Section 5 includes conclusions and limitation of the study.
Literature review
Azis and Osada (2010) investigated that Six Sigma has a positive and comprehensive impact on changing the management system. Six Sigma has been harmonising and synergising people and processes by establishing a clear linkage among critical factors. This linkage, as a critical strength in innovation, is described by a causal relationships diagram using the system dynamics principle. By comparing with TQM, this paper has identified that Six Sigma has additional features named as disseminating commitment and sustaining spirit. Further suggested that Six Sigma can potentially be used as an innovation tool for leveraging organisational performance. Hardeman and Goethals (2011) used five-phase Six Sigma DMAIC approach in airfoil extrusion shimming process (a case study) to enhance product quality and identify improvements in process performance. As a result of the changes implemented in this case study, the product defect level is reduced by as much as 94% and the Six Sigma rating is increased from 0.868 to 3.207. Aboelmaged (2011) pointed out that there are two major improvement methodologies in applying Six Sigma in different organisations. The first methodology, DMAIC, is used to improve already existing processes and can be divided into five phases; define, measure, analyse, improve and control. In contrast, the second methodology, DMADV, is used for new processes or when the existing processes are unable to achieve business objectives. This methodology can also be divided into five phases; define measure, analyse, design and verify. Sambhe and Dalu (2011) have done an empirical study on the Indian medium scale automotive industries along with the scope of implementing Six Sigma and highlighted that the Indian auto component industry has rapidly grown, catering to the expanding domestic market and exporting to the external replacement market, as well as a number of SMEs in the auto component industry which have increased due to new entry. Information about the research findings along with the use of quality tools for problem solving tools are discussed along with elaboration of research methodology. This research paper highlighted a feasibility of implementing Six Sigma framework in the area of medium scale Indian automotive enterprise. The potential characteristics of Indian SME were considered with complete market study. Different existing frameworks for Six Sigma were reviewed with respect to Indian automotive industry and proposed the need for the development of Six Sigma framework and necessity for implementing Six Sigma for better business opportunity with regards to Indian medium scale automotive organisations in the current competitive era. Soti et al. (2011) pointed out that Six Sigma attempts to reduce opportunities to commit mistakes through systematic and statistical driven approach, therefore, business excellence and Six Sigma go hand-in-hand. Paper attempted to model barriers in Six Sigma implementation by establishing relationship among them through interpretive structural modelling (ISM). Twelve barriers have been identified through literature survey and later validated through a questionnaire based survey. The ISM model classifies barriers into strategic, tactical and operational category. The driving power and dependency of these barriers are also modelled using MIC-MAC analysis. The result provides insight into the effective approach to counter these barriers. Omar and Mahmoud (2012) reviewed the main idea of successful leadership to achieve sustainable competitive advantage to ensure quality of service by using Six Sigma methods. Alternatively, it can only have the sincerity on theoretical basis, and this is what the current study intends to do. The research consisted of two parts; first, brief description of main phases of Six Sigma and its system operation. Secondly, review the main dimension of sustainable competitive advantage including operational efficiency and effectiveness, knowledge making and cost of poor quality. Shafer and Moeller (2012) indicated that adopting Six Sigma positively impacts organisational performance primarily through the efficiency with which employees are deployed. More specifically, enhanced employee productivity results were observed in both static analyses that assessed the performance of the sample Six Sigma firms relative to their control groups at discrete points in time and dynamic analyses of the Six Sigma firms' rate of improvement relative to the rate of improvement of their control groups. Benefits in terms of improved asset efficiency were not observed. Finally, there was no evidence that Six Sigma negatively impacts corporate performance. Kaushik (2012) adopted Six Sigma methodology to reduce the rejection rate of the engine mounting bracket by reducing defects inherent in the processes. The application of Six Sigma project recommendation brought up the process sigma level to 5.24 from 1.64 by reducing in EMB hole diameter variation in the process of machining after die casting. This increase in the sigma level is equivalent to a monitory saving of the rupees 0.260 million per annum. The paper provided documented evidence of Six Sigma implementation in a die casting manufacturing unit which have been taken as a representative of a small and medium size industry. Gijo and Sarkar (2013) applied Six Sigma DMAIC approach for quality improvement in wind energy sector. This paper discussed the development of sustainable wind farm roads for an organisation engaged in manufacturing, installation and servicing of windmills in India. The systematic and data driven approach of Six Sigma methodology identified many root causes for road damages and solutions were implemented to ensure sustainable wind farm roads. Six Sigma has been successfully implemented world over in different business processes ranging from manufacturing to service and health care. However its application is very uncommon in areas like road construction. This article demonstrated the applicability of Six Sigma methodology in uncommon areas. Kumar and Prajapati (2013) implemented DMAIC-based Six Sigma approach to improve the green sand casting process and has made the process more robust to quality variations. Analysis of various critical process parameters of the melt shop is also carried out with the help of Taguchi's method of experimental design. The proposed techniques optimised control factors, resulting in superior quality and stability of the green sand castings process, which contributes to minimising the casting defects and improving the sigma level of the industry.
Research methodology and responses of the organisation
The study has been carried out in Indian manufacturing SMEs that have successfully implemented Six Sigma methodology or have made sincere efforts for adapting Six Sigma tools in their enterprises. The objective of the study is to investigate the contributions of Six Sigma DMAIC approach towards realisation of manufacturing benefits for enhancing performance of the organisations. The study involves investigation of contributions of successful implementation of DMAIC approach towards accruing manufacturing performance improvement in the manufacturing enterprises. The methodology employed in the present study has been depicted in Figure 1 . In order to ascertain the contributions of Six Sigma DMAIC approach towards realisation of manufacturing performance improvement, a detailed 'questionnaire' has been designed for accessing the manufacturing performance accrued by Indian manufacturing industry as a result of Six Sigma implementation. The questionnaire survey technique has been deployed in the present study for seeking information on status of tools used in implementing Six Sigma and realisation of various manufacturing performance in the Indian manufacturing industry. For effectively conducting the survey, the Six Sigma Questionnaire has been designed through literature review and validated through peer review from academicians, consultants, Six Sigma councillors, and practitioners (Six Sigma co-coordinators) from the industry. Figure 2 shows the steps undertaken in finalisation of the Six Sigma questionnaire. 
Framing of Questionnaire

Preliminary Framing of Questionnaire
To ensure the relevance and effectiveness of the questions to manufacturing industry, the questionnaire has been pre-tested on a representative sample of industry. The suggestions from peers, consultants, Six Sigma councillors, senior executives from industries and academicians have been incorporated to make the questionnaire relevant to the purpose and bring out outcomes as a result of DMAIC cycle implementation. The final structured questionnaire has been sent to 150 manufacturing organisations randomly selected from among the membership of the confederation of Indian Industry (CII) and Directorate of Industries. The questionnaire has been sent to the companies via post, along with a cover letter and pre-paid reply envelope. Various efforts, for examples follow-up telephone calls and faxes as well as personal connections have been employed to encourage respondents to complete and return the questionnaires. The Six Sigma questionnaire serves the purpose of revealing exploits of Indian entrepreneurs with Six Sigma practices and highlights the contributions of DMAIC approach in realising the overall organisation's goals and objectives. In this study, 23 manufacturing organisation responded (response rate 15.33%) have been extensively surveyed, to ascertain contributions made by Six Sigma approach in the Indian manufacturing industries towards realisation of manufacturing excellence. The questionnaire consists of questions related to general information about the company, respondent characteristics, size of the industry, and main products of the company. The level of usage of different tools of Six Sigma DMAIC cycle is measured on four point scale (1 = not applicable, 2 = immature, 3 = developing, 4 = mature), level of difficulty also determine on scale (1 = not at all difficult, 2 = to some extent, 3 = to moderate extent, 4 = to a large extent) and benefits achieved after the implementation of Six Sigma DMAIC cycle on (1 = not at all benefit, 2 = to some extent, 3 = to moderate extent, 4 = to a extremely large extent). Out of 23 respondents, management representatives (4), managers (6), assistant managers (3), senior engineers (6), and engineers (4) have participated in this survey. Heads of different departments are included in managers. 
Results and discussions
Level of usage of tools used in different phases of DMAIC cycle
The questionnaire filled by the manufacturing organisations applying Six Sigma has been analysed at each phase level i.e. Analysis is done on the basis of five (5) phases. Value of total points scored (TPS) and percent point scored (PPS) has been calculated for each tool of five phases. The level of usage each tool has been calculated from the value of PPS (high value of PPS indicates high level of usage of tools used in various phases). Table 1 shows level of usage of various tools. 
Result discussion of level of usage of DMAIC tools
The research reveals that in define phase of DMAIC cycle the most of industries use process mapping (pps = 78.84) followed by critical to tree (pps = 74.52). Quality function deployment and Gantt charts have pps 69.56 and 66.96 respectively and their level of usage is less as compare to other tools which shows that industries have to concentrate on needs and requirements of customers and on project schedules. In Measure phase the maximum level of usage is of Pareto chart (pps = 91.80) and least level of usage is of affinity diagrams (pps = 57.24) which shows that industries are lagging in to take benefit from the ideas and suggestions generated in brainstorming or problem solving meeting. In analyse phase maximum level of usage is of sampling plan (pps = 86.40) followed by graphical data analysis (pps = 78.84). ANOVA (pps = 51.84) has least usage level. The result reveals that to analyse the problems these industries are lagging to use statistical tools. In improve phase the maximum level of usage is of Kaizen (pps = 84.24) which shows that most of industries are using continuous improvement techniques to improve quality. Least level of usage is of Taguchi's experiment (pps = 58.32) which need some improvements. In control phase the maximum level of usage is of check lists (pps = 90.72) which shows that most of the industries are using check lists to keep the processes under control and within acceptance limits. Level of usage of standard operating procedure (pps 79.92) and audit schedules (pps = 78.84) are used less as compare to other tools.
Content reliability
To check the content reliability of questionnaire advanced statistical software SPSS 12 is used. Cronbach alpha value for all input as well as output parameters is above 0.7, which is acceptable, which shows that the content is valid for research work. Tables 2 and 3 shows the pilot and actual Cronbach alpha value of input and output parameters. 
Level of difficulty of DMAIC tools
Analysis for determining the degree of difficulties in implementing DMAIC cycle is done on basis of each tool and each phase level. The mean, standard deviation and t-statistics has been calculated for each tool and hypothesised mean for each phase. The degree of difficulties in implementing various tools of DMAIC cycle has been calculated on the value of mean and the level of significance has been tested on the basis of t-test. Further degree of difficulty at phase level has been calculated on the value of hypothesised mean. Table 4 shows values of mean, standard deviation, hypothesised mean and t statistics. Notes: *Significant at 5% level {t (critical) = 2.07} **Significant at 1% level {t (critical) = 2.82} Table 2 shows that the sample statistics (t-statistics) of the tools of Six Sigma DMAIC cycle. Values of all the elements fall in the acceptance limits, which means that all the claims are justified Result shows that in define phase, bench marking is considered most difficult (mean = 2.43478). The element 'process mapping' is considered least difficult (mean = 1.956522). The result reveals that there is a lack of interaction with other firms which are manufacturing same products. As degree of difficulty for quality function deployment (mean = 2.4304348) is also high it means industry is lacking in customer interactions and feedbacks. In measure phase affinity diagrams is considered most difficult (mean = 2.521739). The element 'Pareto charts' is considered least difficult (mean = 1.73913). The result reveals that more work is required to be done on ideas, options and issues generated in brainstorming or in problem solving meetings. In analyse phase, ANOVA has maximum level of difficulty (mean = 3.086957). The result reveals that industries are facing difficulties in applying statistical approaches to analyse the problems; training is required to apply techniques like ANOVA. The element 'sampling plan' is considered least difficult (mean = 1.913043). In improve phase the Taguchi's experiments is considered most difficult (mean = 2.652174). The element 'Kaizen' is considered least difficult (mean = 2). The result reveals that more knowledge is required to apply technique like Taguchi's experiments. In control phase standard operating procedure (SOP) is considered most difficult (mean = 2.214235). Tool 'check lists' is considered least difficult (mean = 1.73913). The result reveals that the industries are facing difficulties to work on a standard operating procedure. To enhance consistency and reduce human errors well prepared SOP should be prepared and followed by an organisation.
Result discussion of level of difficulty of tools
Benefits achieved after successful implementation of approach
Analysis is done on the basis of six (6) main benefits including production, quality, cost, safety, delivery and morale and also on the basis of other sub benefits of Six Sigma. The important benefits achieved from Six Sigma implementation are calculated from the value of mean and level of significance has been tested on the basis of t-test. The t test applied to various benefits has been shown in Table 5 . Notes: *Significant at 5% level {t (critical) = 2.07} **Significant at 1% level {t (critical) = 2.82} Notes: *Significant at 5% level {t (critical) = 2.07} **Significant at 1% level {t (critical) = 2.82} Notes: *Significant at 5% level {t (critical) = 2.07} **Significant at 1% level {t (critical) = 2.82}
Result discussion of important benefits occurred after successful implementation of Six Sigma approach
The benefit 'increased production capacity' is considered most important (mean = 2.782609), which shows that the manufacturing organisations had improved production capacity by Six Sigma implementation. The unnecessary movement of operator and material is highly controlled and the setup time is highly reduced after implementation. The benefit 'improvement in equipment availability' is least important (mean = 2.391304). It is concluded that technique is least effective in improving the overall effectiveness of equipment. The benefit 'reduced percentage defectives' is considered most important (mean = 2.895652). Six Sigma techniques is most effective to improve the performance of current manufacturing system processes by reducing number of defected parts and improves baseline results of an organisation. The benefit 'improvement in customer order compliance' is considered least important (mean = 2.521739). The benefit 'reduction in energy consumption' is considered most important (mean = 2.652174). Result reveals that Six Sigma technique is most effective in reducing the overall cost by reducing the energy consumption. The benefit 'reduction in additional capital investments required' is considered least important (mean = 2.26087). Six Sigma approach is least effective in reducing the cost of additional capital investments required. The benefit 'improved housekeeping and workplace organisation' is considered most important (mean = 2.869565), which shows that this technique helps in maintaining proper workplace in an organisation. The benefit 'reduction in number of accidents and injuries' is considered least important (mean = 2.478261) and less helpful in reducing accidents in the company. The benefit 'dependable and faster deliveries' is considered most important (mean = 2.434783). The technique is most effective in providing satisfaction to the customer by providing dependable and faster delivery of the product and improves customer relationships. The benefit 'greater order size flexibility' (mean = 2.301304) is least important. It is concluded that the manufacturing organisations had gained little improvement in the order size flexibility so Six Sigma approach is less effective to make a system flexible. The benefit 'improved employee motivation and morale' is considered more important (mean = 2.695652). The technique is most effective to motivate the employees and improve their morale. The benefit 'culture of continuous improvement and incremental change' (mean = 2.304348) is less important. Figure 4 shows the ranking of the benefits in the descending order of their importance. The order follows quality (mean = 2.684783), safety (mean = 2.652174), production (mean = 2.536232), cost (mean = 2.467391), morale (mean = 2.463768), delivery (mean = 2.413043). 
Benefits achieved during different phases of DMAIC approach
The correlation analysis reveals that how the Six Sigma DMAIC cycle is related to different performance parameters. The positive correlation shows that the one element has positive effect on the other. The values of Karl Pearson coefficient of correlation have been calculated for the different performance parameters including the productivity (P), quality (Q), cost (C), safety (S) and delivery (D) and morale (M). The values of correlation coefficient have been tested at the level of significance adopted. Table 6 shows the positive correlation between DMAIC cycle and performance parameters such as production, quality, cost, delivery, safety and morale. The maximum positive value is for quality (r = .443122), (significant at 1% level) followed by cost, morale, delivery, production and safety. Results indicates that DMAIC approach is most important in improving quality of the product manufactured and least effective in improving the safety aspects of the employees working in the organisation. Figure 5 shows ranking of correlation coefficients in the descending order of their importance. Figure 5 Ranking of performance parameters in descending order (see online version for colours)
Result discussion of correlation between DMAIC cycle and performance parameters
Benefits achieved in different phases of implementing DMAIC cycle
To investigate the effect of DMAIC cycle implementation time period on the extent of manufacturing performance parameters accrued, the responses obtained from various manufacturing organisations have been classified into three categories, depending upon the experience gained over an extended period, as indicated in Table 7 . India. The present study shows that Six Sigma DMAIC implementation is not a typically matured incremental improvement process. It takes effective resource planning of manufacturing system processes, adequately assisted by organisation culture through imbibing organisational improvement over a considerable period of time. As the findings of this empirical research are based on a survey conducted only in Northern India organisations, and the organisations selected for the study are in typical developing country settings, the findings of this research work may not be readily extensible to other developed countries. Thus, in the context of the present study, it can be concluded that usually four to six years of whole hearted Six Sigma implementation is needed to realise significant results.
Conclusions and limitations
Six Sigma DMAIC tools such as process mapping, Pareto charts, sampling plan, Kaizen and check lists shows high level of usage as compare to other tools in various phases of DMAIC cycle. The tools including benchmarking, affinity diagrams, ANOVA, Taguchi's experiment, standard operating procedure are highly difficult to implement further manufacturing organisations are facing maximum degree of difficulty in implementing analyse phase and least degree of difficulty in implementing control phase. Correlation analysis indicates that DMAIC cycle is significantly used to improve the quality of products. Furthermore, the results have shown that more benefits are achieved in maturity phase as compared to developing and introductory phase which shows that Six Sigma DMAIC approach is still growing in manufacturing organisations of India. The present study has outlined the significance of Six Sigma approach as a vital factor for enhancing manufacturing performance in the manufacturing organisation. The study critically reveals the contributions of Six Sigma implementation for achieving manufacturing performance improvement through quality initiatives in the manufacturing SMEs of Northern India. The sample size of this survey is relatively small. For more precise results, large sample sizes may be considered. The selection of manufacturing organisations has been done on the basis of convenient sampling technique. The survey can be expanded by taking into consideration the reasons for the difficulties in implementing this technique.
